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PROCESS TO STUDY CHANGES IN GENE 
EXPRESSION IN GRANULOCYTIC CELLS 

This application is a continuation of international appli 
cation number PCT/US98/17284, filed Aug. 21, 1998, which 
claims the benefit of U.S. Provisional Application No. 
60/056,844, filed Aug. 22, 1997, both of which are herein 
incorporated by reference in their entirety. 

This application is related to application Ser. No. 08/510, 
032, Ser. No. 60/056,844 and application Ser. No. 08/688, 
514, all of which are herein incorporated by reference in 
their entirety. All published articles, patents and other pub 
lications cited throughout this application are herein incor 
porated by reference in their entirety. 

TECHNICAL FIELD 

This invention relates to compositions and methods useful 
to identify agents that modulate the response of granulocytes 
to inflammatory and infectious conditions. 

BACKGROUND OF THE INVENTION 

Granulocytes (i.e., neutrophils, eosinophils and basophils) 
are involved in the immune response elicited by inflamma 
tion and infection. 
Inflammation 

Inflammation is a localized protective response elicited by 
injury or destruction of tissueS which Serves to destroy, 
dilute or wall off both the injurious agent and the injured 
tissue. It is characterized by fenestration of the 
microvasculature, leakages of the elements of blood into the 
interstitial Spaces, and migration of leukocytes into the 
inflamed tissue. On a macroscopic level, this is usually 
accompanied by the familiar clinical Signs of erythema, 
edema, tenderness (hyperalgesia), and pain. During this 
complex response, chemical mediatorS Such as histamine, 
5-hydroxy tryptamine, Various chemotactic factors, 
bradykinin, leukotrienes, and prostaglandins are released 
locally. Phagocytic cells migrate into the area, and cellular 
lySOSomal membranes may be ruptured, releasing lytic 
enzymes. All of these events may contribute to the inflam 
matory response. 

Inflammation is initiated by, among other things, trauma, 
tissue necrosis, infection or immune reactions. The imme 
diate response is temporary vasoconstriction. Vasoconstric 
tion is followed within seconds by the acute vascular 
response resulting in increased blood flow (hyperemia) and 
edema. The acute phase is also characterized by the mar 
gination of polymorphonuclear white blood cells 
(neutrophils) next to endothelial cells, followed by emigra 
tion of neutrophils into the adjacent tissue. Margination is 
recognized by the lining up of neutrophils along the endot 
helium of vessels. Emigration occurs by passage of the 
inflammatory cells between endothelial cells. 
Neutrophils 

Neutrophils are the first wave of cellular attack on invad 
ing organisms and are the characteristic cells of acute 
inflammation. The appearance of neutrophils in areas of 
inflammation may be caused by chemicals released from 
bacteria, factors produced nonspecifically from necrotic 
tissue or antibody reacting with antigen. Neutrophils use an 
actin-rich cytoskeleton to move in a directed manner along 
a chemotactic gradient from the bloodstream to an inflam 
matory site where they ingest particles (e.g. bacteria) and 
immune complexes bearing IgG (via FcR) and/or break 
down products of the complement component C3. 

Neutrophils belong to a category of white blood cells 
known as polymorphonuclear white blood cells. The blood 
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2 
cells with single nuclei (mononuclear cells) form the white 
blood cell population that includes macrophages, T and B 
cells. White blood cells that contain segmented nuclei are 
broadly classified as polymorphonuclear. Polymorpho 
nuclear white blood cells (or “granulocytes”) are further 
Subdivided into three major populations on the basis of the 
Staining properties of their cytoplasmic granules in Standard 
hematologic Smears or tissue preparations: neutrophils Stain 
ing pink, eosinophils Staining red and basophils Staining 
blue. 

Neutrophils (also referred to as polymorphonuclear 
neutrophils-PMNs) make up 50% to 70% of the white blood 
cells (WBCs) of the peripheral blood and may be found 
Scattered diffusely in many tissues, although they are most 
frequently found in areas of acute inflammation or acute 
necrosis. Like other WBCs, neutrophils are produced from 
precursor cells in the bone marrow and released into the 
blood when mature. After entering the circulation, neutro 
phils are thought to last only 1 or 2 dayS. 

Neutrophils are characterized by numerous cytoplasmic 
granules that contain highly destructive enzymes that must 
be kept isolated from the cytoplasm. These granules contain 
a number of oxygen-independent enzymes as well as 
oxygen-dependent mechanisms of killing. Upon attraction to 
Sites of inflammation, neutrophils attempt to engulf and 
digest bacteria coated with antibody and complement. 
Phagocytosis by neutrophils is also usually accompanied by 
release of the lySOSomal enzymes into the tissue Spaces, 
particularly if the organism is difficult for the neutrophil to 
digest 
At least three cytoplasmic granules are identifiable in 

neutrophils: Specific granules containing lactoferrin, B 
cytochrome, the complement receptor CR3 and ul-integrin, 
aZurophilic granules containing acid hydrolases and other 
enzymes, and a third granule containing gelatinase. 

In addition to the role neutrophils and other granulocytic 
cells play in immune response to pathogens, including 
bacterial infection, neutrophils and other granulocytic cells 
play an unwanted role in many chronic inflammatory dis 
eases. There are many disease States in which excessive or 
unregulated granulocytic cell infiltration and activation are 
implicated in exacerbating and/or causing the disease. For 
instance, many inflammatory diseases are characterized by 
massive neutrophil infiltration, Such as pSoriasis, inflamma 
tory bowel disease, Crohn's disease, asthma, cardiac and 
renal reperfusion injury, adult respiratory distress Syndrome, 
rheumatoid arthritis, thrombosis and glomerulonephritis. All 
of these diseases are associated with increased IL-8 produc 
tion which may be responsible for the chemotaxis of neu 
trophils into the inflammatory site. 
While the role of neutrophil infiltration and activation in 

inflammation is well known, the biosynthetic responses of 
neutrophils to pathogens, chemotactic agents, proinflamma 
tory molecules, etc. are not as well understood. Neutrophils 
were once thought to be in a State of terminal differentiation, 
thereby lacking biosynthetic ability. This view is consistent 
with the relative Scarcity in mature circulating neutrophils of 
ribosomes and endoplasmic reticulum and with the ability of 
neutrophils to ingest particles when RNA and/or protein 
synthesis has been inhibited. More recently it has been 
demonstrated that neutrophils perform more active roles in 
their response to environmental Stimuli. 

It has thus recently been established that neutrophils 
Synthesize de novo important macromolecules including, 
but not limited to interleukin (IL) 1, I1-6, I1-8, tumor 
necrosis factor (TNFC), granulocyte and macrophage 
colony-stimulating factors, interferon C. (IFNC), intercellu 
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lar adhesion molecule (ICAM-1) and membrane and cys 
toskeletal molecules, Such as major histocompatibility class 
I antigens and actin (Beaulieu et al (1992) J. Biolog. Chem. 
267(1):426-432; Arnold et al. (1993) Infect. Immun. 
61(6):2545-2552; and Elsner et al. (1995) Immunobiol 
193:456-464). No study, however, has taken a systematic 
approach to assess the transcriptional response during neu 
trophil activation via contact with a pathogen or from 
neutrophils isolated from a Subject with a Sterile inflamma 
tory disease. 
Eosinophils and Basophils 

Eosinophils are another granulocytic or polymorpho 
nuclear white blood cell that are involved in the inflamma 
tory response. Eosinophils are found predominately in two 
types of inflammation: allergy and parasite infections. 

The role of eosinophils in the host response to parasites is 
thought to be mediated through the components of the 
eosinophilic granules. Eosinophils are cytotoxic to Schisto 
Some larvae through an antibody-dependent cell-mediated 
mechanism. Eosinophilicationic proteins are highly toxic for 
SchistoSomes and may be responsible for binding of eosi 
nophils to parasitic worms as well as fragmentation of the 
parasite. 

The role of eosinophils in acute inflammation is not fully 
understood. On one hand, there is evidence that enzymes in 
eosinophils may serve to limit the extent of inflammation by 
neutralizing mediators of anaphylaxis, Such as LTC4, hista 
mine and platelet-activating factor. On the other hand, there 
is increasing evidence that cationic proteins in eosinophilic 
granules are mediators of acute inflammation. Eosinophil 
activation is associated with acute tissue injury and cause an 
intense vasoconstriction in lung microvasculature, followed 
by increased pulmonary vascular permeability and pulmo 
nary edema. 

Basophils or mast cells are the other major cell type 
characterized as a granulocytic or polymorphonuclear white 
blood cell. Mast cells contain granules with a variety of 
biologically active agents which, when released extracellu 
larly (degranulation), cause dilation of the Smooth muscle of 
arterioles (vasodilation), increased blood flow, and contrac 
tion of endothelial cells, thereby opening up Vessel walls to 
permit egreSS of antibodies, complement or inflammatory 
cells into tissue Spaces. 

SUMMARY OF THE INVENTION 

While the role of neutrophils and other granulocytic cells 
in inflammation and/or the immunological response to infec 
tion has been the Subject of intense Study, little is known 
about the global transcriptional response of granulocytes 
during cell activation. The present inventors have devised an 
approach to Systematically assess the transcriptional 
response from granulocytic cells activated through contact 
with a pathogen or from granulocytic cells isolated from a 
Subject with a sterile inflammatory disease. 

The present invention includes a method to identify 
granulocytic cell genes that are differentially expressed upon 
exposure to a pathogen by preparing a gene expression 
profile of a granulocytic cell population exposed to a patho 
gen and comparing that profile to a profile prepared from 
quiescent granulocytic cells. cDNA species, and therefore 
genes, which are expressed de novo upon neutrophil contact 
with a pathogen are thereby identified. The present invention 
is particularly useful for identifying cytokine genes, genes 
encoding cell Surface receptors and genes encoding inter 
mediary signaling molecules. 

The present invention also includes a method to identify 
granulocytic cell genes that are differentially expressed in 
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4 
response to a Sterile inflammatory disease by preparing a 
gene expression profile of a granulocytic cell population 
isolated from a Subject exhibiting the Symptoms of a Sterile 
inflammatory disease and comparing that profile to a profile 
prepared from granulocytic cells isolated from a normal 
granulocytic cell population. cDNA Species, and therefore 
genes, which are differentially expressed in the granulocytic 
cells of a Subject exhibiting the Symptoms of a Sterile 
inflammatory disease are thereby identified. 
The present invention also includes a method to identify 

granulocytic cell genes that are differentially expressed upon 
exposure of a granulocytic cell population to an agonist 
(pro-inflammatory molecule) by preparing a gene expres 
Sion profile of a granulocytic cell population contacted with 
an agonist and comparing that profile to a profile prepared 
from noncontacted granulocytic cells, thereby identifying 
cDNA species, and therefore genes, which are expressed de 
novo in the granulocytic cells contacted with the agonist are 
thereby identified. 
The present invention further includes a method to iden 

tify a therapeutic or prophylactic agent that modulates the 
response of a granulocyte population to a pathogen, com 
prising the Steps of preparing a first gene expression profile 
of a quiescent granulocyte population, preparing a Second 
gene expression profile of a granulocyte population exposed 
to a pathogen, treating Said exposed granulocyte population 
with the agent, preparing a third gene expression profile of 
the treated granulocyte population, comparing the first, 
Second and third gene expression profiles and identifying 
agents that modulate the response of a granulocyte popula 
tion to the pathogen. 

Another aspect of the invention is a method to identify a 
therapeutic agent that modulates the expression of genes in 
a granulocyte population found in a Subject having Another 
aspect of the invention includes a method to identify a 
therapeutic or prophylactic agent that modulates the 
response of a granulocyte cell population in a Subject having 
a Sterile inflammatory disease, comprising the Steps of 
preparing a first gene expression profile of a granulocyte 
population in a Subject having a sterile inflammatory 
disease, treating the granulocyte population with the agent, 
preparing a Second gene expression profile of the treated 
granulocyte population, comparing the first and Second gene 
expression profiles with the gene expression profile of a 
normal granulocyte population and identifying agents that 
modulate the expression of genes whose transcription levels 
are altered in the granulocyte population of the Subject as 
compared with normal granulocyte population. 
A further aspect of the present invention is a method to 

identify a therapeutic or prophylactic agent that modulates 
the response of a granulocytic population to an agonist 
(pro-inflammatory molecule), comprising the steps of pre 
paring a first gene expression profile of a quiescent granu 
locyte population, preparing a Second gene expression pro 
file of a granulocyte population exposed to an agonist, 
treating the exposed granulocyte population with the agent, 
preparing a third gene expression profile of the treated 
granulocyte population, comparing the first, Second and 
third gene expression profiles and identifying agents that 
modulate the response of a granulocytic population exposed 
to an agonist. 
The present invention also includes a method of diagnos 

ing the exposure of a Subject to a pathogen, comprising the 
Steps of preparing a first gene expression profile of a 
granulocyte population from the Subject, comparing the first 
gene expression profile to a Second gene expression profile 
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of a granulocyte population eXposed to that pathogen and to 
a third gene expression profile of a normal granulocyte 
preparation and diagnosing whether the Subject has been 
exposed to a pathogen. 

Another aspect of the invention includes a method of 
diagnosing a Sterile inflammatory disease in a Subject, 
comprising the Steps of preparing a first gene expression 
profile of a granulocyte population from the Subject, com 
paring the first gene expression profile to at least one Second 
gene expression profile from a granulocyte population from 
a Subject having a Sterile inflammatory disease and to a third 
gene expression profile of a normal granulocyte preparation 
and thereby determining if the Subject has a Sterile inflam 
matory disease. 

The present invention also includes a method of identi 
fying new bacterial virulence factor genes by preparing a 
first gene expression profile of a quiescent granulocyte 
population, preparing a Second gene expression profile of a 
granulocyte population exposed to a virulent or avirulent 
bacterial Strain, preparing a third gene expression profile 
from a granulocyte population exposed to a bacterial Strain 
with a mutation in a putative bacterial virulence factor gene, 
comparing the first, Second and third gene expression pro 
files and identifying a bacterial virulence factor gene. 

Another aspect of the invention is a composition com 
prising a grouping of nucleic acids that correspond to at least 
a part of one or more of the genes whose expression levels 
are modulated in a granulocyte population that has been 
exposed to a pathogen, these nucleic acids being affixed to 
a Solid Support. 

Lastly, an aspect of the invention is a composition com 
prising a grouping of nucleic acids that correspond to at least 
part of one or more genes whose expression levels are 
modulated in a granulocyte population found in a Subject 
having a sterile inflammatory disease, these nucleic acids 
being affixed to a Solid Support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 FIG. 1 is an autoradiogram of the expression 
profile generated from cDNAs made with RNA isolated 
from neutrophils exposed to avirulent Escherichia coli and 
virulent and avirulent Yersinia pestis. 

FIG. 2 FIG. 2 is an autoradiogram of the expression 
profile generated from cDNAs made with RNA isolated 
from neutrophils exposed to virulent and avirulent E. coli, 
virulent and avirulent Y. pestis, LPS, GM-CSF, TNFc, or 
yIFN. 

FIGS. 3A and B FIG. 3 is an autoradiogram of the 
expression profile generated from cDNAs made with RNA 
isolated from neutrophils exposed to avirulent E. coli and 
Virulent and avirulent Y pestis. All possible 12 anchoring 
oligo d(T)n1, n2 were used to generate a complete expres 
sion profile for the enzyme BglII. 

FIG. 4 FIG. 4 represents a summary of genes which are 
differentially expressed in neutrophils upon exposure to 
virulent and avirulent E. coli and Y. pestis. 

FIG. 5 FIG. 5 is an autoradiogram of the expression 
profile generated from cDNAs made with RNA isolated 
from neutrophils exposed to avirulent E. coli and virulent 
and avirulent Y. pestis. All possible 12 anchoring oligo 
d(T)n1, n2 were used to generate a complete expression 
profile for the enzyme BamHI. 

FIG. 6 is a Section of an autoradiogram Showing the 
differences in band intensity for 2 mRNA species when 
neutrophils are exposed to avirulent E. coli and virulent and 
avirulent Y. pestis. 
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MODES OF CARRYING OUT THE INVENTION 

GENERAL DESCRIPTION 

The response of neutrophils to pathogens, including bac 
terial pathogens, is a Subject of primary importance in View 
of the need to find ways to modulate the immune response 
to infection. Similarly, the response of neutrophils to ago 
nists (pro-inflammatory molecules) is a Subject of primary 
importance in view of the need to find better ways of 
controlling inflammation in various disease States. One 
means of assessing the response of neutrophils to pathogens 
and agonistS is to measure the ability of neutrophils to 
synthesize specific RNA de novo upon contact with the 
pathogen or agonist. 
The following discussion presents a general description of 

the invention as well definitions for certain terms used 
herein. 
Definitions 

Granulocytic cells, also known as polymorphonuclear 
white blood cells, include neutrophils, also known as poly 
morphonuclear neutrophils or peripheral blood neutrophils, 
eosinophils, and basophils, also referred to a mast cells. The 
term "pathogen' refers to any infectious organism including 
bacteria, Viruses, parasites, mycoplasma, protozoans, and 
fungi (including molds and yeast). Pathogenic bacteria 
include, but are not limited to Staphylococci (e.g. aureus), 
Streptococci (e.g. pneumoniae), Clost ridia (e.g. 
perfringens), Neisseria (e.g. gonorrhoeae), Enterobacteri 
aceae (e.g. coli as well as Klebsiella, Salmonella, Shigella, 
Yersinia and Proteus), Helicobacter (e.g. pylori), Vibrio (e.g. 
cholerae), Campylobacter (e.g. jejuni), Pseudomonas (e.g. 
aeruginosa), Haemophilus (e.g. influenzae), Bordetella (e.g. 
pertussis), Mycoplasma (e.g. pneurnoniae), Ureaplasma 
(e.g. urealyticum), Legionella (e.g. pneumophila), Spiro 
chetes (e.g. Treponema, Leptospira and Borrelia), Mycobac 
teria (e.g. tuberculosis, Smegmatis), Actinomyces (e.g. 
(israelii), Nocardia (e.g. asteroides), Chlamydia (e.g. 
trachomatis), Rickettsia, Coxiella, Ehrilichia, Rochalimaea, 
Brucella, Yersinia, Fracisella, and Pasteurella. 
The term “sterile inflammatory disease” refers to any 

inflammatory disease caused by immune or nonimmune 
mechanisms not directly linked to infection (see Stewart et 
al.). Examples of Sterile inflammatory diseases include, but 
are not limited to psoriasis, rheumatoid arthritis, 
glomerulonephritis, asthma, cardiac and renal reperfusion 
injury, thrombosis, adult respiratory distress Syndrome, 
inflammatory bowel diseases Such as Crohn's disease and 
ulcerative colitis and periodontal disease. 

The phrase “solid support” refers to any support to which 
nucleic acids can be bound or immobilized, including 
nitrocellulose, nylon, glass, other Solid Supports which are 
positively charged and nanochannel glass arrays disclosed 
by Beattie (WO95/1175). The phrase “gene expression 
profile”, also referred to as a “differential expression profile” 
or “expression profile' refers to any representation of the 
expression of at least one mRNA species in a cell Sample or 
population. For instance, a gene expression profile can refer 
to an autoradiograph of labeled cDNA fragments produced 
from total cellular mRNA separated on the basis of size by 
known procedures. Such procedures include Slab gel 
electrophoresis, capillary gene electrophoresis, high perfor 
mance liquid chromatography, and the like. Digitized rep 
resentations of Scanned electrophoresis gels are also 
included as are two and three dimensional representations of 
the digitized data. While a gene expression profile encom 
passes a representation of the expression level of at least one 
mRNA species, in practice, the typical gene expression 
profile represents the expression level of multiple mRNA 
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Species. For instance, a gene expression profile useful in the 
methods and compositions disclosed herein represents the 
expression levels of at least about 5, 10, 20, 50, 100, 150, 
200, 300, 500, 1000 or more preferably, substantially all of 
the detectable mRNA species in a cell Sample or population. 
Particularly preferred are gene expression profiles or arrayS 
affixed to a Solid Support that contain a Sufficient represen 
tative number of mRNA species whose expression levels are 
modulated under the relevant infection, disease, Screening, 
treatment or other experimental conditions. In Some 
instances a sufficient representative number of such mRNA 
species will be about 1, 2, 5, 10, 15, 20.25, 30, 40, 50, 50–75 
or 100. 

Gene expression profiles can be produced by any means 
known in the art, including, but not limited to the methods 
disclosed by: Liang et al. (1992) Science 257:967–971; 
Ivanova et al. (1995) Nucleic Acids Res. 23:2954–2958; 
Guilfoyl et al. (1997) Nucleic Acids Res. 25(9): 1854–1858; 
Chee et al. (1996) Science 274:610–614; Velculescu et al. 
(1995) Science 270:484–487; Fischer et al. (1995) Proc. 
Natl Acad. Sci. USA 92(12):5331–5335; and Kato (1995) 
Nucleic Acids Res. 23(18):3685–3690. Preferably, gene 
expression profiles are produced by the methods of Prashar 
et al. (WO 97/05286) and Prasharet al. (1996) Proc. Natl. 
Acad. Sci. USA 93:659-663. 
AS an example, gene expression profiles as described 

herein are made to identify one or more genes whose 
expression levels are modulated in a granulocytic cell popu 
lation exposed to a pathogen or isolated from a Subject 
having a sterile inflammatory disease. The assaying of the 
modulation of gene expression via the production of a gene 
expression profile generally involves the production of 
cDNA from polyA RNA (mRNA) isolated from granulo 
cytes as described below. 

The mRNAS are isolated from a granulocytic cell Source. 
The cells may be obtained from an in Vivo Source, Such as 
a peripheral blood. AS is apparent to one skilled in the art, 
any granulocytic cell type may be used, however, neutro 
phils are preferred. Furthermore, the peripheral blood cells 
that are initially obtained may be Subjected to various 
Separation techniques (e.g., flow cytometry, density 
gradients). nRNAS are isolated from cells by any one of a 
variety of techniques. Numerous techniques are well known 
(see e.g., Sambrook et al., Molecular Cloning. A Laboratory 
Approach, Cold Spring harbor Press, New York, 1987; 
Ausubel et., Current Protocols in Molecular Biology, 
Greene Publishing Co. New York, 1995). In general, these 
techniques first lyse the cells and then enrich for or purify 
RNA. In one such protocol. Cells are lysed in a Tris-buffered 
solution containing SDS. The lysate is extracted with 
phenol/chloroform, and nucleic acids are precipitated. Puri 
fication of poly(A)-containing RNA is not a requirement. 
The mnRNAS may, however, be purified from crude prepa 
rations of nucleic acids or from total RNA by 
chromatography, Such as binding and elution from oligo 
(dT)-cellulose or poly(U)-Sepharose(R). As stated above, 
other protocols and methods for isolation of RNAS may be 
Substituted. 

The mRNAS are reverse transcribed using an RNA 
directed DNA polymerase, Such as reverse transcriptase 
isolated from AMV, MoMuLV or recombinantly produced. 
Many commercial Sources of enzyme are available (e.g., 
Pharmacia, New England Biolabs, Stratagene Cloning 
Systems). Suitable buffers, cofactors, and conditions are 
well known and Supplied by manufacturers (see also, Sam 
brook et al., Supra; Ausubel et al., Supra). 

Various oligonucleotides are used in the production of 
cDNA. In particular, the methods utilize oligonucleotide 
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8 
primers for cDNA Synthesis, adapters, and primerS for 
amplification. Oligonucleotides are generally Synthesized So 
Single Strands by Standard chemistry techniques, including 
automated Synthesis. Oligonucleotides are Subsequently 
de-protected and may be purified by precipitation with 
ethanol, chromatographed using a sized or reversed-phase 
column, denaturing polyacrylamide gel electrophoresis, 
high-pressure liquid chromatography (HPLC), or other Suit 
able method. In addition, within certain preferred 
embodiments, a functional group, Such as biotin, is incor 
porated preferably at the 5' or 3' terminal nucleotide. A 
biotinylated oligonucleotide may be Synthesized using pre 
coupled nucleotides, or alternatively, biotin may be conju 
gated to the oligonucleotide using Standard chemical reac 
tions. Other functional groups, Such as florescent dyes, 
radioactive molecules, digoxigenin, and the like, may also 
be incorporated. 

Partially-double stranded adaptors are formed from single 
Stranded oligonucleotides by annealing complementary 
Single-Stranded oligonucleotides that are chemically Synthe 
sized or by enzymatic Synthesis. Following Synthesis of each 
Strand, the two oligonucleotide Strands are mixed together in 
a buffered salt solution (e.g. 1 M NaCl, 100 mM Tris-HCl 
pH.8.0, 10 mM EDTA) or in a buffered solution containing 
Mg (e.g., 10 mM MgCl) and annealed by heating to high 
temperature and slow cooling to room temperature. 
The oligonucleotide primer that primes first strand DNA 

Synthesis comprises a 5" Sequence incapable of hybridizing 
to a polyA tail of the mRNAS, and a 3' sequence that 
hybridizes to a portion of the polyA tail of the mRNAS and 
at least one non-polyA nucleotide immediately upstream of 
the polyA tail. The 5' sequence is preferably a sufficient 
length that can Serve as a primer for amplification. The 5' 
Sequence also preferably has an average G+C content and 
does not contain large palindromic sequence, Some 
palindromes, Such as a recognition Sequence for a restriction 
enzyme, may be acceptable. Examples of Suitable 5' 
Sequences are 
CTCTCAAGGATCTACCGCT (SEQ ID NO: 1), 
CAGGGTAGACGACGCTACGC (SEQ ID No. 2), and 
TAATACCGCGCCACATAGCA (SEQ ID No. 3). 
The 5' Sequence is joined to a 3' Sequence comprising 

Sequence that hybridizes to a portion of the polyA tail of 
mRNAS and at least one non-polyA nucleotide immediately 
upstream. Although the polyA-hybridizing Sequence is typi 
cally a homopolymer of dT or dU, it need only contain a 
sufficient number of dT or dU bases to hybridize to poly A 
under the conditions employed. Both oligo-dT and oligo-dU 
primerS have been used and give comparable results. Thus, 
other bases may be interspersed or concentrated, as long as 
hybridization is not impeded. Typically, 12 to 18 bases or 12 
to 30 bases of dT or dU will be used. However, as one skilled 
in the art appreciates, the length need only be Sufficient to 
obtain hybridization. The non-polyA nucleotide is A, C, or 
G, or a nucleotide derivative, Such as inoSinate. If one 
non-polyA nucleotide is used, then three oligonucleotide 
primers are needed to hybridize to all mRNAS. If two 
non-polyA nucleotides are used, then 12 primers are needed 
to hybridize to all mRNAS (AA, AC, AG, AT, CA, CC, CG, 
CT, GA, GC, GG, GT). If three non-poly A nucleotides are 
used then 48 primers are needed (3x4x4). Although there is 
no theoretical upper limit on the number of non-polyA 
nucleotides, practical considerations make the use of one or 
two non-polyA nucleotides preferable. 

For cDNA synthesis, the MRNAS are either Subdivided 
into three (if one non-polyA nucleotide is used) or 12 (if two 
non-polyA nucleotides are used) fractions, each containing 
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a Single oligonucleotide primer, or the primerS may be 
pooled and contacted with a mRNA preparation. Other 
subdivisions may alternatively be used. Briefly, first strand 
cDNA is initiated from the oligonucleotide primer by 
reverse transcriptase (RTase). AS noted above, RTase may be 
obtained from numerous Sources and protocols are well 
known. Second strand synthesis may be performed by RTase 
(Gubler and Hoffman, Gene 25: 263, 1983), which also has 
a DNA-directed DNA polymerase activity, with or without 
a specific primer, by DNA polymerase 1 in conjunction with 
RNaseH and DNA ligase, or other equivalent methods. The 
double-stranded cDNA is generally treated by phenol:chlo 
roform extraction and ethanol precipitation to remove pro 
tein and free nucleotides. Double-stranded cDNA is Subse 
quently digested with an agent that cleaves in a Sequence 
Specific manner. Such cleaving agents include restriction 
enzymes. Restriction enzyme digestion is preferred; 
enzymes that are relatively infrequent cutters (e.g., 25 bp 
recognition site) are preferred and those that leave over 
hanging ends are especially preferred. A restriction enzyme 
with a six base pair recognition site cuts approximately 8% 
of cDNAS, So that approximately 12 Such restriction 
enzymes should be needed to digest every cDNA at least 
once. By using 30 restriction enzymes, digestion of every 
cDNA is assured. 

The adapters for use in the present invention are designed 
Such that the two Strands are only partially complementary 
and only one of the nucleic acid Strands that the adapter is 
ligated to can be amplified. Thus, the adapter is partially 
double-Stranded (i.e., comprising two partially hybridized 
nucleic acid Strands), wherein portions of the two Strands are 
non-complementary to each other and portions of the two 
Strands are complementart to each other. Conceptually, the 
adapter is “Y-shaped” or “bubble-shaped.” When the 5' 
region is non-paired, the 3' end of other Strand cannot be 
extended by a polymerase to make a complementary copy. 
The ligated adapter can also be blocked at the 3' end to 
eliminate extension during Subsequent amplifications. 
Blocking groups include dideoxynuclotides or any other 
agent capable of blocking the 3'-OH. In this type of adapter 
(“Y-shaped”), the non-complementary portion of the upper 
Strand of the adapters is preferably a length that can Serve as 
a primer for amplification. AS noted above, the non 
complementary portion of the lower Strand need only be one 
base, however, a longer Sequence is preferable (e.g., 3 to 20 
bases; 3 to 15 bases; 5 to 15 bases; or 14 to 24 bases). The 
complementary portion of the adapter should be long 
enough to form a duplex under conditions of ligation. 

For “bubble-shaped” adapters, the non-complementary 
portion of the upper Strand is preferably a length that can 
Serve as a primer for amplification. Thus, this portion is 
preferably 15 to 30 bases. Alternatively, the adapter can have 
a structure Similar to the Y-shaped adapter, but has a 3' end 
that contains a moiety that a DNA polymerase cannot extend 
from. 

Amplification primers are also used in the present inven 
tion. Two different amplification StepS are performed in the 
preferred aspect. In the first, the 3' end (referenced to 
mRNA) of double stranded cDNA that has been cleaved and 
ligated with an adapter is amplified. For this amplification, 
either a single primer or a primer pair is used. The Sequence 
of the Single primer comprises at least a portion of the 5' 
Sequence of the oligonucleotide primer used for first Strand 
cDNA synthesis. The portion need only be long enough to 
Serve as an amplification primer. The primer pair consists of 
a first primer whose Sequence comprises at least a portion of 
the 5' Sequence of the oligonucleotide primer as described 
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10 
above, and a Second primer whose Sequence comprises at 
least a portion of the Sequence of one Strand of the adapter 
in the non-complementary portion. The primer will gener 
ally contain all the Sequence of the non-complementary 
potion, but may contain less of the Sequence, especially 
when the non-complementary portion is very long, or more 
of the Sequence, especially when the non-complementary 
portion is very short. In Some embodiments, the primer will 
contain Sequence of the complementary portion, as long as 
that Sequence does not appreciably hybridize to the other 
Strand of the adapter under the amplification conditions 
employed. for example, in one embodiment, the primer 
Sequence comprises four bases of the complementary region 
to yield a 19 base primer, and amplification cycles are 
performed at 56° C. (annealing temperature), 72 C. 
(eXtension temperature), and 94 C. (de naturation 
temperature). In another embodiment, the primer is 25 bases 
long and has 10 bases of Sequence in the complementary 
portion. Amplification cycles for this primer are performed 
at 68 C. (annealing and extension temperature) and 94° C. 
(denaturation temperature). By using these longer primers, 
the Specificity of priming is increased. 
The design of the amplification primerS will generally 

follow well-known guidelines, Such as average G-C content, 
absence of hairpin Structures, inability to form primerdimers 
and the like. At times, however, it will be recognized that 
deviations from Such guidelines may be appropriate or 
desirable. 

After amplification, the lengths of the amplified fragments 
are determined. Any procedure that separate nucleic acids on 
the basis of size and allows detection or identification of the 
nucleic acids is acceptable. Such procedures include Slap get 
electrophoresis, capillary gel electrophoresis, high perfor 
mance liquid chromatography, and the like. 

Electrophoresis is technique based on the mobility of 
DNA in an electric field. Negatively charged DNA migrates 
towards a positive electrode at a rate dependent on their total 
charge, size, and shape. Most often, DNA is electrophoresed 
in agarose or polyacrylamide gels. For maximal resolution, 
polyacrylamide is preferred and for maximal linearity, a 
denaturant, Such as urea is present. A typical get Setup uses 
a 19:1 mixture of acrylamide:bisacrylamide and a Tris 
borate buffer. DNA samples are denatured and applied to the 
get, which is usually Sandwiched between glass plates. A 
typical procedure can be found in Sambrook et al 
(Molecular Cloning: A Laboratory Approach, Cold Spring 
Harbor Press, New York, 1989) or Ausubel et al. (Current 
Protocols in Molecular Biology, Greene Publishing Co., 
New York, 1995). Variations may be substituted as long as 
Sufficient resolution is obtained. 

Capillary electrophoresis (CE) in its various manifesta 
tions (free Solution, isotachophoresis, isoelectric focusing, 
polyacrylamide get. micellar electrokinetic 
"chromatography”) allows high resolution Separation of 
Very Small Sample Volumes. Briefly, in capillary 
electrophoresis, a neutral coated capillary, Such as a 50 
umx37 cm column (eCAP neutral, Beckman Instruments, 
Calif.), is filled with a linear polyacrylamide (e.g., 0.2% 
polyacrylamide), a sample is introduced by high-pressure 
injection followed by an injection of running buffer (e.g., 
1XTBE). the sample is electrophoresed and fragments are 
detected. An order of magnitude increase can be achieved 
with the use of capillary electrophoresis. Capillaries may be 
used in parallel for increased throughput (Smith et al. (1990) 
Nuc. Acids. Res. 18:4417; Mathies and Huang (1992) Nature 
359:167). Because of the small sample volume that can be 
loaded onto a capillary, Sample may be concentrated to 
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increase level of detection. One means of concentration is 
sample stacking (Chien and Burgi (1992) Anal. Chem 
64:489A). In Sample Stacking, a large Volume of Sample in 
a low concentration buffer is introduced to the capillary 
column. the capillary is then filled with a buffer of the same 
composition, but at higher concentration, Such that when the 
Sample ions reach the capillary buffer with a lower electric 
field, they Stack into a concentrated Zone. Sample Stacking 
can increase detection by one to three orders of magnitude. 
Other methods of concentration, Such as isotachophoresis, 
may also be used. 

High-performance liquid chromatography (HPLC) is a 
chromatographic Separation technique that Separates com 
pounds in solution. HPLC instruments consist of a reservoir 
of mobile phase, a pump, an injector, a separation column, 
and a detector. Compounds are separated by injecting an 
aliquot of the sample mixture onto the column. The different 
components in the mixture pass through the column at 
different rates due to differences in their partitioning behav 
ior between the mobile liquid phase and the Stationary phase. 
IP-RO-HPLC on non-porous PS/DVB particles with chemi 
cally bonded allyl chains can also be used to analyze nucleic 
acid molecules on the basis of size (Huber et al. (1993) Anal. 
Biochem. 121:351; Huber et al. (1993) Nuc. Acids Res. 
21:1061; Huber et al. (1993) Biotechniques 16:898). 

In each of these analysis techniques, the amplified frag 
ments are detected. A variety of labels can be used to assist 
in detection. Such labels include, but are not limited to, 
radioactive molecules (e.g., S, P, P) fluorescent 
molecules, and mass spectrometric tags. The labels may be 
attached to the oligonucleotide primerS or to nucleotides that 
are incorporated during DNA synthesis, including amplifi 
cation. 

Radioactive nucleotides may be obtained from commer 
cial Sources, radioactive primerS may be readily generated 
by transfer of label from Y--P-ATP to a 5'-OH group by a 
kinase (e.g., T4 polynucleotide kinase). Detection Systems 
include autoradiograph, phosphor image analysis and the 
like. 

Fluorescent nucleotides may be obtained from commer 
cial Sources (e.g. ABI, Foster city, Calif.) or generated by 
chemical reaction using appropriately derivatized dyes. Oli 
gonucleotide primers can be labeled, for example, using 
Succinimidyl esters to conjugate to amine-modified oligo 
nucleotides. A variety of florescent dyes may be used, 
including 6 carboxyfluorescein, other carboxyfluorescein 
derivatives, carboxyrhodamine derivatives, Texas red 
derivatives, and the like. Detection Systems include photo 
multiplier tubes with appropriate wavelength filters for the 
dyes used. DNA sequence analysis Systems, Such as pro 
duced by ABI (Foster City, Calif.), may be used. 

After separation of the amplified cDNA fragments, cDNA 
fragments which correspond to differentially expressed 
mRNA species are isolated, reamplified and Sequenced 
according to Standard procedures. For instance, bands cor 
responding the cDNA fragments can be cut from the elec 
trophoresis gel, reamplified and Subcloned into any available 
vector, including pCRScript using the PCR Script cloning kit 
(Stratagene). The insert is then Sequenced using Standard 
procedures, Such as cycle Sequencing on an ABI sequencer. 
An additional means of analysis comprises hybridization 

of the amplified fragments to one or more Sets of oligo 
nucleotides immobilized on a solid substrate. Historically, 
the Solid Substrate is a membrane, Such as nitrocellulose or 
nylon. More recently, the Substrate is a Silicon wafer or a 
borosilicate slide. The substrate may be porous (Beattie et al. 
WO95/11755) or solid. Oligonucleotides are synthesized in 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
Situ or Synthesized prior to deposition on the Substrate. 
Various chemistries are known for attaching oligonucle 
otide. Many of these attachment chemistries rely upon 
functionalizing oligonucleotides to contain a primary amine 
group. The oligonucleotides are arranged in an array form, 
Such that the position of each oligonucleotide Sequence can 
be determined. 
The amplified fragments, which are generally labeled 

according to one of the methods described herein, are 
denatured and applied to the oligonucleotides on the Sub 
Strate under appropriate Salt and temperature conditions. In 
certain embodiments, the conditions are chosen to favor 
hybridization of exact complementary matches and disfavor 
hybridization of mismatches. Unhybridized nucleic acids are 
washed off and the hybridized molecules detected, generally 
both for position and quantity. The detection method will 
depend upon the label used. Radioactive labels, fluorescent 
labels and mass spectrometry label are among the Suitable 
labels. 
The present invention as Set forth in the Specific 

embodiments, includes methods to identify a therapeutic 
agent that modulates the expression of at least one gene in 
a granulocyte population. Genes which are differentially 
expressed during neutrophil contact with a pathogen, Such as 
a virulent bacteria, or that are differentially expressed in a 
Subject having a sterile inflammatory disease are of particu 
lar importance. In general, the method to identify a thera 
peutic or prophylactic agent that modulates the response of 
a granulocyte population to a pathogen, comprises the Steps 
of preparing a first gene expression profile of a quiescent 
granulocyte population, preparing a Second gene expression 
profile of a granulocyte population exposed to a pathogen, 
treating the eXposed granulocyte population With the agent, 
preparing a third gene expression profile of the treated 
granulocyte population, comparing the first, Second and 
third gene expression profiles and identifying agents that 
modulate the response of a granulocytic population to the 
pathogen. 

In another format, the method is used to identify a 
therapeutic agent that modulates the expression of genes in 
a granulocyte population found in a Subject having a Sterile 
inflammatory disease. The general method comprises the 
Steps of preparing a first gene expression profile of a 
granulocyte population in a Subject having a Sterile inflam 
matory disease, treating the granulocyte population with the 
agent, preparing a Second gene expression profile of the 
treated granulocyte population, comparing the first and 
Second gene expression profile with the gene expression 
profile of a normal granulocyte preparation and identifying 
agents that modulate the expression of genes whose tran 
Scription levels are altered in the granulocyte population of 
the Subject as compared with normal granulocyte popula 
tion. 
While the above methods for identifying a therapeutic 

agent comprise the comparison of gene expression profiles 
from treated and not-treated granulocytic cells, many other 
variations are immediately envisioned by one of ordinary 
skill in the art. AS an example, as a variation of a method to 
identify a therapeutic or prophylactic agent that modulates 
the response of a granulocytic population to a pathogen, the 
Second gene expression profile of a granulocyte population 
exposed to a pathogen and the third gene expression profile 
of the treated granulocyte population can each be indepen 
dently normalized using the first gene expression profile 
prepared from a quiescent granulocyte population. Normal 
ization of the profiles can easily be achieved by Scanning 
autoradiographs corresponding to each profile, and Subtract 
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ing the digitized values corresponding to each band on the 
autoradiograph from quiescent granulocytic cells from the 
digitized value for each corresponding band on autoradio 
graphs corresponding to the Second and third gene expres 
Sion profiles. After normalization, the Second and third gene 
expression profils can be compared directly to detect cDNA 
fragments which correspond to mRNA species which are 
differentially expressed upon exposure of the granulocyte 
population to the agent to be tested. 

Specific Embodiments 
EXAMPLE 1. 

Production of gene expression profiles generated from 
cDNAs made with RNA isolated from neutrophils exposed 
to virulent and avirulent bacteria. 

Expression profiles of RNA expression levels from neu 
trophils exposed to various bacteria offer a powerful means 
of identifying genes that are Specifically regulated in 
response to bacterial infection. As an example, the produc 
tion of expression profiles from neutrophils exposed to 
virulent and avirulent E. coli and Y. pestis allow the iden 
tification of neutrophil genes that are specifically regulated 
in response to bacterial infection. 

Neutrophils were isolated from normal donor peripheral 
blood following the LPS-free method. Peripheral blood was 
isolated using a butterfly needle and a Syringe containing 5 
cc ACD, 5 cc of 6%. Dextran (in normal saline). After 30 
minutes of settling, plasma was collected and HBSS Hank's 
balcinceal salt solution (without Ca" or Mg") was added 
to a total volume of 40 ml. The plasma was centrifuged 
(1500 rpm, for 15 m at 4 C.), the Supernatant decanted and 
cold HBSS added to resuspend the cells. The cell suspension 
was then layered onto a cold Ficoll Hypaq, centrifuged at 
500xg for 30 m at 4 C. The pellet contains polymorpho 
nuclear neutrophils. Neutrophils can also be isolated by 
other commonly used methods Such as those disclosed in 
Current Protocols of Immunology (John Wiley & Sons, 
Inc.), Babior et al. (1981) In: LeOkocyte Function, Cline, M. 
J. Ed., p. 1-38 (Church Livingstone, N.Y.), and Haslett et al. 
(1985) Am. J. Pathol. 119:101-110. 

Following isolation, neutrophils were incubated with E. 
coli or Y. pestis. Before incubation, bacteria are harvested 
and washed in phosphate buffered Saline and opSonized 
either autologous human Serum or complement factor C7 
deficient human serum (SIGMA). Incubation was at a ratio 
of approximately a PMN:bacteria ratio of 1:20 in RPMI 
1640 (HEPES buffered) with heat inactivated Fetal Bovine 
Serum at 37 C. with gentle mixing in a rotary shaker bath 
AS controls, neutrophils were incubated with either bac 

terial lipopolysaccharide (LPS) or latex beads. LPS was 
added to approximately 3.38 x 10 cells in 100 ml of RPMI 
Roswell Park. Memorial Institute containing 6% autologous 
Serum to a final concentration of 1 ng/ml to 1 tug/l. Incuba 
tion proceeded for 30 or 120 minutes with gentle rotation in 
disposable polycarbonate Erlenmeyer flasks at 37 C. After 
incubation, the cells were spun down and washed once with 
HBSS. 

Total cellular RNA was prepared from untreated and 
treated neutrophils are described above using the procedure 
of Newburger et al.(1981) J. Biol. Chem. 266(24): 16171-7 
and Newburger et al. (1988) Proc. Natl. Acad Sci USA 
85:5215-5219. Ten micrograms of total RNA, the amount 
obtainable from about 3x10° neutrophils, is sufficient for a 
complete Set of cDNA expression profiles. 

Synthesis of cDNA was performed as previously 
described by Prashar et al. in WO 97/05286 and in Prashar 
et al. (1996) Proc. Natl. Acad. Sci. USA 93:659-663. Briefly, 
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cDNA was Synthesized according to the protocol described 
in the GIBCO/BRL kit for cDNA synthesis. The reaction 
mixture for first-strand synthesis included 6 tug of total RNA, 
and 200 ng of a mixture of 1-base anchored oligo(dT) 
primers with all three possible anchored bases 
(ACGTAATACGACTCACTATAGGGCGAATTGGGTC 
GACTTTTTTTTTTTTTTTTTn1 wherein n1=A/C or 
G, SEQ ID NO: 4) along with other components for 
first-Strand Synthesis reaction except reverse tran 
scriptase. This mixture was incubated at 65 C. for 5 m, 
chilled on ice and the process repeated. Alternatively, 
the reaction mixture may include 10 g of total RNA, 
and 2 pmol of 1 of the 2-base anchored oligo(dT) 
prime rS he el Such S RP5 O 
(CTCTCAAGGATCTTACCGCTTAT, SEQ ID NO: 
5), or RP6.0 (TAATACCGCGCCACATAGCAT CG, 
SEQ ID NO: 6), or RP9.2 

(CAGGGTAGACGACGCTACGCTGA, SEQ ID NO: 
7) along with other components for first-Strand Synthe 
sis reaction except reverse transcriptase. This mixture 
was then layered with mineral oil and incubated at 65 
C. for 7 min followed by 50° C. for another 7 min. At 
this stage, 2 ul of SuperScript reverse transcriptase (200 
unitsful; GIBCO/BRL) was added quickly and mixed, 
and the reaction continued for 1 hr at 45-50 C. 
Second-strand synthesis was performed at 16 C. for 2 
hr. At the end of the reaction, the cDNAs were pre 
cipitated with ethanol and the yield of cDNA was 
calculated. In our experiments, s200 ng of cDNA was 
obtained from 10 ug of total RNA. 

The adapter oligonucleotide Sequences were 
A1 (TAGCGTCCGGCGCAGCGACGGCCAG, SEQ ID 
NO: 8) and 

A2 (GATCCTGGCCGTCGGCTGTCTGTCGGCGC, 
SEQ ID NO: 9). One microgram of oligonucleotide A2 
was first phosphorylated at the 5' end using T4 poly 
nucleotide kinase (PNK). After phosphorylation, PNK 
was heated denatured, and 1 lug of the oligonucleotide 
A1 was added along with 10x annealing buffer (1 M 
NaCl/100 mM Tris-HCl, pH8.0/10 mM EDTA, pH8.0) 
in a final vol of 20 ul. This mixture was then heated at 
65 C. for 10 min followed by slow cooling to room 
temperature for 30 min, resulting in formation of the Y 
adapter at a final concentration of 100 ng/ul. About 20 
ng of the cDNA was digested with 4 units of Bgl II in 
a final vol of 10 ul for 30 min at 37°C. Two microliters 
(s4 ng of digested cDNA) of this reaction mixture was 
then used for ligation to 100 ng (s.50-fold) of the 
Y-shaped adapter in a final vol of 5ul for 16 hr at 15 
C. After ligation, the reaction mixture was diluted with 
water to a final vol of 80 ul (adapter ligated cDNA 
concentration, s50 pg/ul) and heated at 65° C. for 10 
min to denature T4DNA ligase, and 2 ul aliquots (with 
100 pg of cDNA) were used for PCR. 

The following sets of primers were used for PCR ampli 
fication of the adapter ligated 3'-end cDNAS: 
TGAAGCCGAGACGTCGGTCG(T)s n1, n2 (wherein 

n1, n2=AA, AC, AGAT CACC CGCTGAGC GG and GT, 
SEQ ID NO: 10) as the 3' primer with Al as the 5' primer or 
alternatively RP 5.0, RP 6.0, or RP 9.2 used as 3' primers 
with primer A1.1 serving as the 5' primer. To detect the PCR 
products on the display gel, 24 pmol of oligonucleotide A1 
or A1.1 was 5'-end-labeled using 15 ul of YY- PATP 
(Amersham; 3000 Ci/mmol) and PNK in a final volume of 
20 ul for 30 min at 37° C. After heat denaturing PNK at 
65 C. for 20 min, the labeled oligonucleotide was diluted 
to a final concentration of 2 uM in 80 ul with unlabeled 
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oligonucleotide A1.1. The PCR mixture (20 ul) consisted of 
2 ul (s.100 pg) of the template, 2 ul of 10x PCR buffer (100 
mM Tris.HCl, pH 8.3/500 mM KCl), 2 ul of 15 mM MgCl 
to yield 1.5 mM final Mg" concentration optimum in the 
reaction mixture, 200 uM dNTPs, 200 nM each 5' and 3' 
PCR primers, and 1 unit of Amplitaq Gold. Primers and 
dNTPs were added after preheating the reaction mixture 
containing the rest of the components at 85 C. This “hot 
start” PCR was done to avoid artefactual amplification 
arising out of arbitrary annealing of PCR primers at lower 
temperature during transition from room temperature to 94 
C. in the first PCR cycle. PCR consisted of 5 cycles of 94 
C. for 30 sec, 55° C. for 2 min, and 72 C. for 60 sec 
followed by 25 cycles of 94° C. for 30 sec, 60° C. for 2 min, 
and 72 C. for 60 sec. A higher number of cycles resulted in 
Smeary gel patterns. PCR products (2.5 ul) were analyzed on 
6% polyacrylamide Sequencing gel. For double or multiple 
digestion following adapter ligation, 13.2 ul of the ligated 
cDNA Sample was digested with a Secondary restriction 
enzyme(s) in a final vol of 20 ul. From this solution, 3 ul was 
used as template for PCR. This template vol of 3 ul carried 
s100 pg of the cDNA and 10 mM MgCl2 (from the 
10xenzyme buffer), which diluted to the optimum of 1.5 mM 
in the final PCR vol of 20 ul. Since Mg" comes from the 
restriction enzyme buffer, it was not included in the reaction 
mixture when amplifying secondarily cut cDNA. Bands 
were extracted from the display gels as described by Liang 
et al. (1995 Curr. Opin. Immunol. 7:274–280), reamplified 
using the 5' and 3' primers, and Subcloned into pCR-Script 
with high efficiency using the PCR-Script cloning kit from 
Stratagene. Plasmids were Sequenced by cycle Sequencing 
on an ABI automated Sequencer. 

FIG. 1 presents an autoradiogram of the expression profile 
generated from cDNAs made from RNA isolated from 
control (untreated) neutrophils (lanes 1, 5, 10, 13, 14 and 
16), neutrophils incubated with avirulent E. coli K12 (lanes 
2 and 11), virulent Y. pestis D27 (lane 3), avirulent Y. pestis 
D28 (lane 4), Ypestis yopB (lane 6), Y. pestis yopE (lane 7), 
Ypestis yoph (lane 8), latex beads (lanes 9 and 19), virulent 
Entero Hemorrhagic E. coli (EHEC) (lane 12), LPS (lane 
15), 1 ng/ml LPS for 30 minutes (lane 17), and LPS for 120 
minutes (lane 18). The anchoring oligo d(T)18 n1, n2 has A 
and C at the n1 and n2 positions, respectively. The cDNAS 
were digested with BglII. 

EXAMPLE 2 

Production of gene expression profiles generated from 
cDNAs made with RNA isolated from neutrophils exposed 
to virulent and avirulent bacteria and neutrophils exposed to 
cytokines. 

Neutrophils were isolated from normal donor peripheral 
blood following the LPS-free method as set forth in 
Example 1. 

Neutrophils were incubated with virulent and avirulent E. 
coli or Y. pestis, LPS at 1 ng/ml, GM-CSF at 100 units/ml, 
TNFa at 1000 units/ml, or YIFN at 100 units/ml. The 
bacterial cells, LPS or cytokines were added to approxi 
mately 3.38x10 cells in 100 ml of RPMI containing 6% H1 
autologous Serum. Incubation proceeded for 2 to 4 hours, 
preferably 2 hours, with gentle rotation in disposable poly 
carbonate Erlenmeyer flasks at 37 C. After incubation, the 
cells were spun down and washed once with HBSS. 

After incubation of the neutrophils, RNA was extracted 
and the cDNA profiles prepared as described in Example 1. 
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FIG. 2 is an autoradiogram of the expression profiles gen 
erated from cDNAS made with RNA isolated from control 
(untreated) neutrophils (lanes 1, 5, 10 and 14), neutrophils 
incubated with avirulent E. coli K12 (lanes 2 and 11), 
virulent Y. pestis (lanes 3 and 12), avirulent Y. pestis (lanes 
4 and 13), 1 ng/ml LPS (lanes 6 and 15), 100 units/ml 
GM-CSF(lanes 7 and 16), 1000 units/ml TNFC. (lanes 8 and 
17) and 100 units/ml YIFN (lanes 9 and 18). The anchoring 
oligo d(T)18n1, n2 has A and C at the n1 and n2 positions 
for lanes 1-9 and G and G at the n1 and n2 for lanes 10-18. 
The cDNAs were digested with BglII. 

As exhibited by FIG. 2, the differential expression of 
mRNA species (as exhibited by cIDNA fragments) in neu 
trophils exposed to virulent and avirulent E. coli and Y. 
pestis is not equivalent to the differential expression of 
mRNA species in neutrophils exposed to the various cytok 

CS. 

EXAMPLE 3 

Production of gene expression profiles generated from 
cDNAs made with RNA isolated from neutrophils exposed 
to bacteria using all 12 possible anchoring oligo d(T) n1, n2. 

Neutrophils were isolated from normal donor peripheral 
blood following the LPS-free method. 

Neutrophils were incubated with E. coli or Y. pestis. 

After incubation of the neutrophils, RNA was extracted 
and the cDNA profiles prepared as described in Example 1. 
FIG. 3 is an autoradiogram of the expression profiles gen 
erated from cDNAS made with RNA isolated from control 
(untreated) neutrophils (lane 1), neutrophils incubated with 
avirulent E. coli K12 (lane 2), virulent Y. pestis (lane 3), 
avirulent Y. pestis (lane 4). The anchoring oligo d(T) 18 
n1 and n2 positions are indicated at the top of the figure. The 
cDNAs were digested with BglI. 

FIG. 4 represents a Summary of genes which are differ 
entially expressed in neutrophils upon exposure to virulent 
and avirulent E. coli and Y. pestis. Expression patterns are 
determined by visual examination of the autoradiography 
gels comparing band intensity between neutrophils exposed 
to the various bacteria. The autoradiography gels can also be 
Scanned using commonly available equipment, Such S a 
UMAX D-1 L Scanner. Bands which exhibit altered intensi 
ties in gene expression profiles from neutrophils exposed to 
the various bacteria when compared to the gene expression 
profile prepared from normal noneXposed neutrophils are 
then extracted from the display gel as previously described 
by in Example 1. The isolated fragments are then reampli 
fied using 5' and 3' primers, subcloned into pCR-Script 
(Stratagene) and sequenced using an ABI automated 
Sequencer. 

Tables 1 and 2 represent a Summary of cDNA bands 
which are differentially expressed in response to exposure to 
E. coli. 



Clones 

846 

847 
848 
849 
850 
851 
852 
853 
854 

T103 

855 

856 

T104 

T105 

857 
T107 

858 
859 

860 
861 
862 
863 

864 
865 
866 

867 
868 
869 
870 
871 

872 

873 
874 

875 
876 

877 
878 

mRNA 
Expression 
Pattern 

O w 

Down 

Down 

Down 
Down 

Down 

Down 

Down 
Down 

Control 

2-3- 

2-3- 
2+ 

2+ 

17 

10' 

3-4- 

2-3+ 

2-3+ 

2+ 
2-3+ 

3-4- 

2+ 

2+ 
1-2- 
2-3+ 

2+ 
2+ 

2+ 

2+ 
2+ 

60' 

1-2- 
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TABLE 1. 

120 n1n2 

4+ AA 

2-3+ AA 
2+ AA 
1-2- AA 
O AA 
-- AA 
O AA 
1-2- AA 
O +- AA 

4-5+ AA 

2+ AA 

2+ AA 

2+ AA 

3+ AA 

--- AA 

2+ AA 

----- AA 

1-2- AA 

--- AA 

--- AA 

2-3+ AA 
-- AA 

2-3+ AA 
2+ AA 
2+ AA 

1-2- AA 
--- AA 

2+ AC 
1-2- AC 
--- AC 

-- AC 

2+ AC 
3+ AC 

2-3+ AC 
-- O AC 

--- AC 

0 - AC 

Sequenced 
by 

Yale 

Ya 
Ya 
Ya 
Ya 
Ya 
Ya 
Ya 
Ya 

Yale 

Yale 

Yale 

Yale 

Yale 

Yale 
Yale 

Yale 
Yale 

Ya 
Ya 
Ya 
Ya 

Yale 
Yale 
Yale 

Ya 
Ya 
Ya 
Ya 
Ya 

Yale 

Yale 
Yale 

Yale 
Yale 

Yale 
Yale 

Closest 
Genbank 
Acc. # 

KO2286 

AFO39715 

M77693 

G292.48 

AIO38932 

AA931109 

M11354 

AA936257 

ACOO4987 

H26311 

GO6511 

AO26899 

AA916304 

AIO12139 

AIO31728 

ABOO2384 

18 

Closest 
Homology 

Urokinase 
Gene 

C. elegans 
cosmidRO 
6A10 
HUMAN 
SSAT 
Human 
STS 
SHGC 
17036 
Ox96ho8.xi 
SOae:S 

Senescent 
Fibroblasts 
HUMAN 
CGAP 
KID3 
HUMAN 
H3.3 
HISTONE 

on43e12 
sine 
CGAP co8 

D11732 
O Clone 

Cystic 
Fibrosis 
Antigen 

Human 
STSW 
7311 

ov42do7.x 
Soares 
testis nht 
on22do4.si 
NCI 
CGAP L5 

EST 
2O6590 

(Rat 
Placenta) 

OW39a05.x 
Soares 
parathyroid 
tumor 
NGHPA 

human 
mRNA for 
KIAAO386 
gene 



Clones 

879 
88O 

881 

882 

883 

884 

885 

886 
887 
888 
T7 
889 
T8 

890 
891 
T76 

892 
893 
T98 

894 

895 

896 

897 
898 
899 
900 
901 
902 
903 
904 
905 

906 
T111 
907 
908 

mRNA 
Expression 
Pattern 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Down 

Up 

Down 

1-2- 

2-3- 

19 

1-2- 

2-3+ 

2+ 

2+ 

2+ 

1-2- 

1-2- 

2-3+ 

1-2- 
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TABLE 1-continued 

2+ 

2+ 

120 

3+ 

AC 
AC 

AC 

AC 

AC 

AC 

AC 

AC 
AC 
AC 
AC 
AC 
AC 

AC 
AC 
AC 

AC 
AC 
AC 

AC 

AC 

AC 

AC 

AC 

AC 
AC 
AC 

AC 
Yale 
AC 
AC 
AC 
AC 
AC 
AC 
AG 

AG 
AG 
AG 
AG 

Sequenced 
by 

Ya 
Ya 

Ya 

Ya 

Ya 

Ya 

Ya 

Ya 
Ya 
Ya 
Ya 
Ya 
Ya 

Ya 
Yale 
Ya 

Ya 
Ya 
Ya 

Ya 

Ya 

Ya 

Ya 

Ya 

Ya 
Ya 
Ya 

Ya 

Ya 
Ya 
Ya 
Ya 
Ya 
Ya 
Ya 

Ya 
Ya 
Ya 
Ya 

e 

Closest 
Genbank 
Acc. # 

AIO16473 

U82275 

AIO16664 

AA909168 

AIO39973 

AO26998 

ST3591 

GO6788 

AFO39656 

AIO16303 

ACOO4987 

AA926999 

AA926999 

O89052 

KO2286 

20 

Closest 
Homology 

Transciption 
Factor 
BTF3 
Human 
immuno 
globulin-like 
transcipt 
Diamineacetyl 
Transferase 
SI Soares 
NFLT 
GBC.S.I 
Ox88e09.si 
Soares 
Senescent 
fibroblasts 
ow41d06.si 
Soares 
parathyroid 
tumor 
NB4PA 

HUMAN 
STS 

HUMAN H 
HCPAF8 
HOMOLOG 

HUMAN 
STS 
Neuronal 
tissue 
enrichedacidic 
protein 
ot72do7.si 
SOae:S 

total Fetus 
Nb3hE8 

11732O 
clone 
om26do7 
si Soares 
NFLTG3c 
1s1 
Om26dO7.SI 
NFL 
TG3CSi 

HUMAN 
PROTONATPASE 

Human 
urokinase 
gene 3' end 



Clones 

909 
910 

911 
T113 

912 
913 
914 
915 

T115 
916 

917 
918 
919 
92O 
T116 

T117 
921 

922 
923 
924 
925 
926 
927 

928 

929 
930 

931 
932 
933 

934 
935 
936 
937 
938 
939 

940 
941 
942 

mRNA 
Expression 
Pattern 

Down 

Down 
Down 

Up 

Down 
Down 

Down 
Down 

Up 
Up 

Down 
Down 

Down 
Down 

Down 

Down 

Control 

2+ 

21 

10' 

--- 

1-2- 

: 
2+ 
3-4- 

2+ 

4+ 

2+ 
2+ 

2+ 

-- 

-- 

1-2- 

US 6,365,352 B1 

TABLE 1-continued 

2-3- 

1-2- 

2+ 

2+ 
2+ 

2+ 
2-3+ 

0---2 

2+ 
2+ 

2+ 

2+ 

: 
2+ 
2+ 

AG 
AG 

AG 
AG 

AG 
AG 
AG 
AG 

AG 
AG 

AG 
AG 
AG 
AG 
AG 

AG 
AG 

AG 
AG 
AG 
AG 
AG 
AG 

AG 

AG 
AG 

AG 
AG 
AG 

AG 
AG 
AG 
AG 
AT 
AT 

AT 
AT 
AT 

Sequenced 
by 

Yale 
Yale 

Yale 
Yale 

Yale 
Yale 
Yale 
Yale 

Yale 
Yale 

Ya 
Ya 
Ya 
Ya 
Ya 

Yale 
Yale 

Ya 
Ya 
Ya 
Ya 
Ya 
Ya 

Yale 

Yale 
Yale 

Yale 
Yale 
Yale 

Yale 
Yale 
Yale 
Yale 
Yale 
Yale 

Yale 
Yale 
Yale 

Closest 
Genbank 
Acc. # 

ACOO2O91 

AIO39523 

AIO38932 

ACOOSO38 

M11353 H 

AA912471 

AA91738O 

AA926999 

CH29R28051 

nS1637 

AA916304 

22 

Closest 
Homology 

Genomic 
Sequence 
Human 
17, 
complete 
sequence 

Ox3710O2.si 
Soares 
total fetus 
NB22HF8 

'OX96h O8.xi 
Soares 
Senescent 
fibroblasts 

Homosapiens 
clone NH 
O48666.22 
HTGS 
phase 1 

Histone 
H3.3 

(human) 

NCI 
CGAP 
GC4 
Homo Sapiens 

O180a04.si 
NCI 
CGAP 
KDS 
Homo 
Soares 
NFL 
TGBC si 

ADOOO864 
HomoSapiens 
DNA from 
chromosome 19 
cosmid 
R28051 

Human 
grancalan 
mRNA 

NCI 
CGAP 
LU5 
HOMO 
SAPIENS 



Clones 

943 
944 
945 

946 
947 
948 
949 

950 
951 
952 

953 
954 

955 
956 
957 
958 
T123 

959 
960 
961 
962 
T124 
963 
964 
965 
966 
967 

968 
969 
970 
971 
972 
973 
974. 
975 

976 

T132 
T133 
977 
T135 
978 

979 
98O 
981 

mRNA 
Expression 
Pattern 

Down 
Down 
Up 

Down 

Down 

Down 

Up 
Down 

UP 
Down 
Down 

Down 

Down 

Down 

1-2- 

: 

1-2- 

23 

10' 

--- 

-- 

--- -- 

-- 

-- 

1-2- 
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TABLE 1-continued 

Closest 
Sequenced Genbank 

3O' 60' 120 n1n2 by Acc. # 

--- -- AT Yale 
-- --- O AT Yale 
+- + +- + 2+ AT Yale AA928.171 

-- AT Yale 
-- 2+ O AT Yale 
-- --- AT Yale 
O O 1-2- AT Yale AIO38932 

2-3+ 2-3- +? AT Yale 
--- --- -- AT Yale 
O --- 1-2- AT Yale ACCOO4551 

1-2- --- O AT Yale 
-- 1-2- 2-3+ AT Yale AO26998 

-- -- O AT Yale 
--- --- -- AT Yale 
2+ 2+ -- AT Yale 
-- +- + 2+ AT Yale 
-- 2+ 3+ AT Yale HSO274.67 

2+ -- -- AT Yale 
-- -- --- AT Yale 

2+ -- O AT Yale 
O O 2+ AT Yale 
3+ 3-4+ 3-4- AT Yale 
2+ 2+ -- AT GLI 
-- -- --- AT GLI 
--- 2+ 1-2- AT GLI 
-- 1-2- --- AT GLI 
3+ 3+ --- AT GLI M60830 

2+ 1-2- --- AT GLI 
O --- 2+ AT GLI 
O 2+ O AT GLI 
2+ 1-2- --- AT GLI 
-- -- AT GLI 

-- AT GLI 
2+ 3+ 2+ CA Yale 
1-2- 2+ CA Yale GBMA 7693 

2-3+ 3+ CA Yale Z14136 

CA 
CA 

1-2- 2-3- 1-2- CA Yale 
CA 

2+ 2+ CA, GLI GOSS63 

-- -- CA, GLI 

-- CA, GLI 
-- -- CA, GLI 4731.68 

24 

Closest 
Homology 

ON86HO3 
SOARES 
NFL 
TGBCSI 

HOMO 
SAPIENS 
SOARES 
SENESCENT 
FIBROBLASTS 

HOMO 
SAPIENS 
HTGS 
PHASE 1 

HOMO 
SAPIENS 
SOARES 
PARATHYROID 
TUMOR 

HUMAN 
BCL-2 
RELATED 

(BF1-1) 
MRNA 

Human 

HUMAN 
DAMINE 
ACETYLTRANSFERASE 
HOMO 
SAPIENS 
GENE 
SPERMIDINE/ 
SPERMINE N1 
ACETYLTRANSFERASE 

Human 
STSW-7246 

Human 
cosmid 
LUCA22 
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TABLE 2-continued 

34 

Cln Sequence 

975 NGATCTTTCT CCTTGAATAT CTTTCGATAAACAACAAGGT GGTGTGATCT (SEQ ID NO: 60) 
51 TAATATATTT GAAAAAAACT TCATTCTCGT GAGTCATTTA AATGTGTACA 
101 ATGTACACAC TGGTACTTAG AGTTTCTGTT TGATTCTTTT TTAATAAA 

976 GATCTGCTAG AAGATGGTTT TGGAGAGCAC CCCTTTTACC ACTGCCTGGT (SEQ ID NO : 61) 
51 TGCAGAAGTG CCGAAAGAGC ACTGGACTCC GGAAGGTAAC CCCTCGCCCT 
101 TTCCAGAAGC CAGAGAGACC AAGTGTTATG TAAGAAGTAG TGTCGGCTGT 
151 GTAGAACCAC. TGACTACACA. GGCCGAAGTT ACTGAGAACT TGGACAGAAA 
201 AAATAGCCAG CAAGTGTT 

984 CATTCACACA TTTAACCTCC TTCCATACCAAATCTT (SEQ ID NO: 62) 

986 GATCTGGACA GCAGAATGTT ATAACGCAAG TTCATGTGTT GCTCCCAACT (SEQ ID NO : 63) 
51 CCATTCTCTT TTCTCTCGTG CAACCAGTTT GCCCATTCTC TTCCTATTAC 
101 TTGCTC 

T113 TCAGAGATTT GCAAAGACTC ACGTTTTTGT TGTTTTCTCA TCATTCCATT (SEQ ID NO: 64) 
51 GTGATACTAA GAAACTAAGA AGCTTAATGA. AAAGAAATAA AATGCCTATG 

T116 GATCTGCGCT TCCAGAGCGC AGCTATCGGT GCTTTGCAGG AGGCAAGTGA (SEQ ID NO: 65) 
51. GGCCTATCTG GTTGGCCTTT TTGAAGACAC CAACCTGTGT, GCTATCCATG 
101 CCAAACGTGT AACAATTATG CCAAAAGACA TCCAGCTAGC ACGCCGCATA 
151 CGTGGAGAAC GTGCTTAAGA ATCCACTATG ATGGGAAACA 

T123 GATCTGTGAA ATGCTATCTC TCCTGAAGCA ATACTGTTGA CCAGAAAGGA (SEQ ID NO: 66) 
51 CACTCCATAT TGTGAAACCG GCCTAATTTT TCTGACTGAT ATGGAAACGA 
101 TTGCCAACAC ATACTTCTAC TTTTAAATAA ACAACTTTGA TGATGTAACT 
151. TGACCTTCCA GAGTTATGGA AATTTTGTCC CCATGTAATG AATAAATTGT 
201 ATGTAT 

EXAMPLE 4 bacteria are prepared as Set forth in Example 1. A profile is 
Production of expression profiles generated from cDNAS 
made with RNA isolated from neutrophils isolated from a 
Subject with a sterile inflammatory disease. 

Neutrophils are isolated from normal donor peripheral 
blood following the LPS-free method or from Subjects 
exhibiting the Symptoms of a Sterile inflammatory disease. 
RNA is extracted and the gene expression profiles prepared 
as described in Example 1. 
To determine the identity of genes (cDNAs) which are 

differentially expressed in the neutrophils isolated from a 
Subject exhibiting the Symptoms of a Sterile inflammatory 
disease, the cDNA profiles prepared from neutrophils from 
Said Subject are compared to profiles prepared from neutro 
phils isolated from the normal donor. Bands which exhibit 
altered intensities when compared between the gene expres 
Sion profiles prepared from neutrophils from Said Subject 
and profiles prepared from neutrophils isolated from the 
normal donor are then extracted from the display gel as 
previously described in Example 1. The isolated fragments 
are then reamplified using 5' and 3' primers, Subcloned into 
pCR-Script (Stratagene) and sequenced using an ABI auto 
mated Sequencer. 
Once Sequences are obtained which correspond to the 

bands of interest, the Sequences can be compared to known 
nucleic acid Sequences in the available data bases. 

EXAMPLE 5. 
Method to identify a therapeutic or prophylactic agent that 
modulates the response of a granulocyte population to a 
pathogen 

The methods set forth in Example 1 offer a powerful 
approach for identifying therapeutic or prophylactic agents 
that modulate the expression of neutrophils or other granu 
locytic cells to a pathogen. For instance, profiles of normal 
granulocytes and neutrophils or other granulocytes exposed 
to pathogens Such as E. coli, Y. pestis or other pathogenic 
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also prepared from a granulocyte population that has been 
exposed to the pathogen in the presence of the agent to be 
tested. By examining for differences in the intensity of 
individual bands between the three profiles, agents which up 
or down regulate genes of interest in the pathogen exposed 
granulocytes can be identified. 
AS a specific example, Screening for agents which up or 

down regulate the expression of human pre-B cell enhancing 
factor (PBEF) can be identified by examining the differences 
in band intensity between profiles produced from normal 
granulocytes, granulocytes exposed to the pathogen and 
granulocytes exposed to the pathogen in the presence of the 
agent to be tested. As shown in FIG. 4, PBEF is expressed 
at high levels when exposed to avirulent bacteria, including 
E. coli K12 and avirulent Y. pestis but is not expressed at 
high levels in granulocytes exposed to pathogenic Y. pestis. 
Agents that up regulate PBEF expression as demonstrated 
by increased band density in the profile produced from 
granulocytic cells exposed to virulent Y. pestis in the pres 
ence of the agent may be useful in modulating the response 
of neutrophils to bacterial infection. 

EXAMPLE 6 
Method to identify a therapeutic or prophylactic agent that 
modulates the expression of genes in a granulocyte cell 
population found in a Subject having a sterile inflammatory 
disease. 
The methods set forth in Example 4 offer a powerful 

approach for identifying therapeutic or prophylactic agents 
that modulate the expression of neutrophils or other granu 
locytic cells in Subjects exhibiting the Symptoms of a Sterile 
(non-infectious) inflammatory disease. For instance, gene 
expression profiles of normal granulocytes and granulocytes 
from a Subject exhibiting the Symptoms of a Sterile inflam 
matory disease are prepared as Set forth in Examples 1 and 
4. A profile is also prepared from a granulocyte population 
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from a Subject exhibiting the Symptoms of a Sterile inflam 
matory disease that have been exposed to the agent to be 
tested. By examining these profiles for differences in the 
intensity of band between the three profiles, agents which up 
or down regulate genes of interest in a granulocytic popu 
lation from a Subject exhibiting the Symptoms of a Sterile 
inflammatory disease can be identified. Agents that 
up-regulate a gene or genes that are expressed at abnormally 
low levels in a granulocytic cell population from a Subject 
exhibiting the Symptoms of a Sterile inflammatory disease 
compared to a normal granulocytic cell population as well as 
agents that down regulate a gene or genes that are expressed 
at abnormally high levels in a granulocytic cell population 
from a Subject exhibiting the Symptoms of a Sterile inflam 
matory disease are contemplated. 

EXAMPLE 7 
Production of Solid Support compositions comprising group 
ings of nucleic acids that correspond to the genes whose 
expression levels are modulated in a granulocytic population 
that has been exposed to a pathogen or nucleic acids that 
correspond to the genes whose expression levels are modu 
lated in a granulocytic cell population from a Subject having 
a sterile inflammatory disease. 
AS Set forth in Examples 1-4, expression profiles from 

granulocytic cells exposed to a pathogen or granulocytic 
cells from a Subject having a Sterile inflammatory disease 
yield the identity of genes whose expression levels are 
modulated compared to normal, quiescent granulocytic 
cells. 

Solid Supports can be prepared that comprise immobilized 
representative groupings of nucleic acids corresponding to 
the genes or fragments of Said genes from granulocytic cells 
whose expression levels are modulated in response to expo 
Sure to a pathogen or in a Subject having a Sterile inflam 
matory disease. For instance, representative nucleic acids 
can be immobilized to any Solid Support to which nucleic 
acids can be immobilized, Such as positively charged nitro 
cellulose or nylon membranes (see Sambrook et al. (1989) 
Molecular Cloning: a laboratory manual 2nd., Cold Spring 
Harbor Laboratory) as well as porous glass waferS Such as 
those disclosed by Beattie (WO95/11755). Nucleic acids are 
immobilized to the solid support by well established 
techniques, including charge interactions as well as attach 
ment of derivatized nucleic acids to Silicon dioxide Surfaces 
Such as glass which bears a terminal epoxide moiety. A Solid 
Support comprising a representative grouping of nucleic 
acids can then be used in Standard hybridization assays to 
detect the presence or quantity of one or more specific 
nucleic acid species in a Sample (Such as a total cellular 
mRNA sample or cDNA prepared from said mRNA) which 
hybridize to the nucleic acids attached to the Solid Support. 
Any hybridization methods, reactions, conditions and/or 
detection means can be used, Such as those disclosed by 
Sambrook et al. (1989) Molecular Cloning: a laboratory 
manual 2nd., Cold Spring Harbor Laboratory, Ausbel et 
al.(1987) Current Protocols in Molecular Biology, Greene 
Publishing and Wiley-Interscience or Beattie (WO 
95/11755). 
One of ordinary skill in the art may determine the optimal 

number of genes that must be represented by nucleic acid 
fragments immobilized on the Solid Support to effectively 
differentiate between Samples, e.g. neutrophils exposed to 
various pathogens or neutrophils isolated from a patient to 
be tested for a sterile inflammatory disease. Preferably, at 
least about 5, 10, 20, 50, 100, 150, 200, 300, 500, 1000 or 
more preferably, substantially all of the detectable mRNA 
Species in a cell Sample or population will be present in the 
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36 
gene expression profile or array affixed to a Solid Support. 
More preferably, Such profiles or arrays will contain a 
sufficient representative number of mRNA species whose 
expression levels are modulated under the relevant infection, 
disease, Screening, treatment or other experimental condi 
tions. In most instances, a Sufficient representative number 
of such mRNA species will be about 1, 2, 5, 10, 15, 20, 25, 
30, 40, 50, 50–75 or 100 in number and will be represented 
by the nucleic acid molecules or fragments of nucleic acid 
molecules immobilized on the Solid Support. For example, 
nucleic acids encoding all or a fragment of one or more of 
the known genes or previously reported ESTs that are 
identified in FIG.4 and Tables 1 and 2 may be so immobi 
lized. The skilled artisan will be able to optimize the number 
and particular nucleic acids for a given purpose, i.e., Screen 
ing for modulating agents, identifying activated 
granulocytes, etc. 

EXAMPLE 9. 
Method of diagnosing exposure of a Subject to a pathogen. 

Expression profiles of RNA expression levels from neu 
trophils exposed to various bacteria, Such as those disclosed 
in Examples 1 and 3, offer a powerful means to diagnose 
exposure of a Subject to a pathogen. AS Set forth in Examples 
1 and 3, the display patterns generated from cDNAS made 
with RNA isolated from neutrophils exposed to pathogenic 
and nonpathogenic E. coli and Y. pestis exhibit unique 
patterns of cDNA species corresponding to neutrophil 
mRNA species (genes) whose expression levels are modu 
lated in response to contact of the neutrophils with the 
bacteria. The contacting of neutrophils with different Species 
of pathogens may result in the production of expression 
profiles that are unique to each pathogen Species or Strain. 
These unique expression profiles are useful in diagnosing 
whether a Subject has been exposed to or is infected with a 
given pathogen. 

Briefly, expression profiles are produced as Set forth in 
Example 1 using neutrophil Samples exposed to various 
pathogens, Such as pathogenic Strains of E. coli, Y. pestis, 
Staphylococci, Streptococci or any other bacterial Species. 
Neutrophils are then isolated from the subject to be tested for 
exposure to a pathogen and an expression profile prepared 
from the subject's neutrophils by the methods set forth in 
Example 1. The expression profile prepared from the Subject 
neutrophils can then be compared to the expression profiles 
prepared from neutrophils exposed to the various pathogen 
Species or Strains to determine which expression profile most 
closely matches the expression profile prepared from the 
Subject, thereby, diagnosing exposure of the Subject to a 
pathogen. 

EXAMPLE 10 
Method of diagnosing a sterile inflammatory disease in a 
subject Expression profiles of RNA expression levels from 
neutrophils isolated from a Subject having a sterile inflam 
matory disease, Such as those disclosed in Example 4, offer 
a powerful means to diagnose inflammatory diseases Such as 
pSoriasis, rheumatoid arthritis, glomerulonephritis, asthma, 
cardiac and renal reperfusion injury, thrombosis, adult res 
piratory distreSS Syndrome, inflammatory bowel diseases 
Such as Crohn's disease and ulcerative colitis and periodon 
tal disease. AS Set forth in Example 4, the gene expression 
profiles generated from cDNAs made with RNA isolated 
from neutrophils from Subjects having various Sterile 
inflammatory diseases may exhibit unique patterns of cDNA 
Species corresponding to neutrophil mRNA species (genes) 
whose expression levels are modulated during the inflam 
matory process. These unique expression profiles are useful 
in diagnosing whether a Subject has a Sterile inflammatory 
disease. 
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Briefly, expression profiles are produced as Set forth in 
Examples 1 and 4 using neutrophil Samples isolated from 
patients with various Sterile inflammatory diseases. Neutro 
phils are then isolated from the Subject to be tested and an 

38 
expression profile prepared from the Subject, thereby, diag 
nosing whether the Subject as a Sterile inflammatory disease. 

It should be understood that the foregoing discussion and 
examples merely present a detailed description of certain 

expression profile prepared from the Subject's neutrophils by 5 preferred embodiments. It therefore should be apparent to 
the methods set forth in Example 1. The expression profile 
prepared from the Subject neutrophils can then be compared 
to the expression profiles prepared from neutrophils isolated 
from patients with various Sterile inflammatory diseases to 
determine which expression profile most closely matches the 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 66 

<210> SEQ ID NO 1 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 1 

citctoaagga totaccgct 

<210> SEQ ID NO 2 
&2 11s LENGTH 20 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 2 

cagggtagac gacgctacgc 

<210> SEQ ID NO 3 
&2 11s LENGTH 20 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 3 

taataccg.cg ccacatagoa 

<210> SEQ ID NO 4 
&2 11s LENGTH 55 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 
&22O > FEATURE 
<221> NAME/KEY: variation 
<222> LOCATION: (55) 
<223> OTHER INFORMATION: v = a or c or g. 

<400 SEQUENCE: 4 

those of ordinary skill in the art that various modifications 
and equivalents can be made without departing from the 
Spirit and Scope of the invention. All articles, patents and 
texts that are identified above are incorporated by reference 
in their entirety. 

Primer 

19 

Primer 

Primer 

Primer 

acgtaatacg actoactata ggg.cgaattg g g togactitt tttitttittitt ttittv 55 

<210 SEQ ID NO 5 
<211& LENGTH: 40 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 5 

Primer 
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citctdaagga tottaccgct tttitttittitt ttttitttitat 

<210> SEQ ID NO 6 
<211& LENGTH: 40 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 6 

taataccg.cg ccacatagoa titttittttitt tttitttittcg 

<210 SEQ ID NO 7 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 7 

cagg gtag ac gacgctacgc titttittttitt tttitttittga 

<210 SEQ ID NO 8 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 8 

tag.cgtc.cgg cgcagogacg gccag 

<210 SEQ ID NO 9 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

<400 SEQUENCE: 9 

gatcctggcc gtcggctgtc. totcggcgc 

<210> SEQ ID NO 10 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
&220s FEATURE 
<221 NAME/KEY: variation 
<222> LOCATION: (39).. (40) 
<223> OTHER INFORMATION: v at position 39 

in at position 40 = a or c or g or t. 
a or c or g; 

<400 SEQUENCE: 10 

tgaag.ccgag acgtoggtog titttittttitt tttitttittvin 

<210> SEQ ID NO 11 
&2 11s LENGTH 52 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

totcagtgag citgagatcac accactgcac toccaactggg cqacagagca ag 

40 

Primer 

40 

Primer 

40 

Adapter 

25 

Adapter 

29 

Primer 

40 

52 

40 
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aatagitttct tcatactctg. catataattt gtggctgcag aatattgtaa tttgttgcac 

actatotaac aaaacaactg aagatatgtt taataaatat tigtact 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.74 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 29 

gatctittatg 

gatattttitt 

cacatggatc 

acattcticitc 

ggttgggtgc 

agagcagtat 

taatgttgtg 

tdaatgccala 

atcc tactita 

acctgtagitt 

<210 SEQ ID NO 30 
&2 11s LENGTH 279 
&212> TYPE DNA 

tittctgttgtt 

gatgaatgcc 

toctic cattc 

gcc tacctag 

citgtttattg 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 30 

gatctaagtt 

actictataat 

ttgtattitat 

gtactaggct 

atacac gagt 

agtccaaaag 

acattaaatt 

gtoactaaaa 

toatcatgca 

gttatttaaa 

<210> SEQ ID NO 31 
&2 11s LENGTH 2.89 
&212> TYPE DNA 

ctaaatgatt 

atagg.ccgag 

ttctalacaca 

tittctaaatt 

attattaaaa. 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 31 

gatcttatag 

gtgggggctg 

totttcctgt 

tgttgattitc 

aggatagatg 

gcctgtctoa 

tagtgcactt 

tgcaattcat 

citgctaggga 

aagggctgca 

<210> SEQ ID NO 32 
&2 11s LENGTH 151 
&212> TYPE DNA 

to aggttggit 

ttggcacago 

gggtottagc 

gtag catact 

gttttgttaa 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 32 

ttctittittaa. 

agctttcaga 

titcc.tc.tc.ca 

atttctoatg 

gtoa 

taaagttcaag 

caattaggga 

aacttaaaaa. 

tgtgitat gat 

ataaatgta 

gtoagcc cag 

atgtacctgt 

atcttctgaa 

citggctctgt 

atggaacaat 

tttacag cot 

cagagcc cac 

gatatttittg 

acgagittaat 

ttgtaatgct 

atgtttctga 

atgtgtctoa 

ttgaatatat 

citaggattag 

citg actaatt 

tggtgtttag 

accactggcc 

atgaagaga 

ttctitattitt 

ttagcttgtc 

ggagtgaCaa 

gcatgtc.cgt. 

agg cataagc 

aac attaaac 

tacatatgct 

gaaagaattit 

gcagaattgg 

citctgtctitt 

taggtocatcc 

aagggacitta 

gatctttcto cittgagtatc tittcgataaa caacaaagtg gtgttgatctt aatatatttg 

aaaaaaactt cattct cqtg agt catttaa atgtgtacaa totacacact g g tacttaga 

gtttctgttt gattctttitt taataaacta c 

<210 SEQ ID NO 33 
&2 11s LENGTH 85 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 33 

120 

166 

60 

120 

18O 

240 

274 

60 

120 

18O 

240 

279 

60 

120 

18O 

240 

289 

60 

120 

151 
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atag tattitc 

cctgctctga 

aaaatagtico 

taaacaagta 

totctg.cgto 

atctag actt 

taattalaatt 

attalaccact 

<210> SEQ ID NO 43 
&2 11s LENGTH 518 
&212> TYPE DNA 

S3 

citattitcaitt 

tittagaaatg 

gttggittaaa 

citaagtaata 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 43 

atgaatccitt 

tgatctitcca 

citgatagtica 

catagatgaa 

tacctatott 

gaactctgaa 

citgttgtataa 

aggaataaga 

aatattoccala 

gccaccitcca 

toctoaaatg 

attittgattt 

actitttittitt 

taaagtatag 

acaatctaca 

aattatggtg 

gactaagtat 

gtttgtggga 

<210> SEQ ID NO 44 
&211's LENGTH 332 
&212> TYPE DNA 

cctgcagaac 

acticittittitt 

ttattoagga 

aaaaaaagtt 

tacatttitac 

taitacittatt 

aataaactitt 

atgcttcaag 

aatggggaga 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 44 

titatgtggcc 

agtagttitta 

gttctitatga 

cc.gtgtttgc 

tgcagtgtcc 

citttgaatac 

ttaggtagct 

gtttaggatt 

ccacagat.ca 

attgttaaaa 

gttatgagtg 

ttittaataaa. 

<210> SEQ ID NO 45 
&2 11s LENGTH 377 
&212> TYPE DNA 

ggttgtacat 

cagta acagt 

toagtactgt 

atgatgtgtg 

ccaaaaatct 

tittattittga 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 45 

taggtogalacc 

ggttgCCtgg 

agtggattgt 

atgttgttggit 

gacaccaaag 

tatttgtata 

tggctoctitt 

cittattotgc 

tgaatggcct 

ttatacticca 

ccatcagocc 

ccaccitctgt 

ttacacattt 

acaaaag 

<210> SEQ ID NO 46 

agg gttcticc 

toctitccc.gc 

gtgtacatag 

citcacattcc 

catttgttgt 

gtacagaatt 

agtgaag aca 

gcatatgttt 

tgtaatgtca 

aalacacattt 

tgttataaat 

citttatatgt 

actatotgaa 

atttaacagt 

atatgtaaat 

accoagtaca 

tatgtttcca 

ttittaaatta 

ttaaaatg 

cittitcc.ctaa 

gaagttgttta 

tgtctdatgt 

aaatagaatg 

gtott galagg 

ta 

citc.ccaccitt 

cagagggctt 

tgtaatgtag 

taggggtttg 

gatgtcttitt 

ttggaagatt 
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tagttcacct 

ttgatgatat 

actictittata 

cacctgtgtt 

attacaactt 

talacatatat 

atctgcticag 

aatctattta 

gg tatgtttc 

gtttitttittc 

tittcaaagac 

atacctdagg 

atcgatccat 

citatgtgcaa. 

aatgctaaaa 

agtgctatogg 

cagotacact 

aaagaagttc 

gtgaacagac 

cgtgtttaca 

agatgct gta 

cittggcaaaa 

ttcagtctag 

aaaatgg cat 

gtdaacattc 

aacttaaata 

citgagtgta 

gctttittagc 

aaaatggcaa 

agccitatgtg 

ctaattatag 

aataatttaa. 

ccctdaaaag 

Cagggtggag 

tattaaaata 

gttaccacat 

cgg tattgaa 

citgaaatggit 

tgttgaaaac 

ttgaagtggit 

cccittatgttg 

Cggagaggac 

tgtgtagcct 

cgtgg tatgt 

gcc ttgttgta 

ttgccaaatc 

120 

18O 

240 

299 

60 

120 

18O 

240 

360 

420 

480 

518 

60 

120 

18O 

240 

332 

60 

120 

18O 

240 

360 

377 



&2 11s LENGTH 495 
&212> TYPE DNA 

SS 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 46 

agaatctott 

tgataaacaa 

acttcaatgg 

atgccaaata 

tgctgtgtaa 

atagitcttitt 

aatatgggat 

atatgtagac 

caattaaaaa. 

atgttctoag 

ttgggctaat 

gacactittag 

cacaatgitat 

citaaactgaa 

citaatticitta 

tttittittgac 

tttgttctitat 

titatt 

<210> SEQ ID NO 47 
&2 11s LENGTH 54 
&212> TYPE DNA 

aggalaggtgg 

gaagaaaact 

accattagac 

ttatagdaac 

attaattcaat 

acact catac 

atttittgact 

gtgtcaaaag 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 47 

aagaalaccat 

totcttattg 

aattgacact 

gtataatttg 

tactitatitat 

ttgaaatctt 

catttaataa. 

toctaggaaa 
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ggg Caggagt 

ttcagttcat 

ggattaaa.ca 

caaagatgga 

ttagaatgtt 

totgagtttc 

tgctottgttg 

gtggttgatg 

aggaattgag 

ccagattata 

aatticacata 

citttaaaaga 

aaagctitatg 

cccagaagag 

tttacctagt 

tittcttatag 

atctoragtga gct gagat.ca caccactgca citccaactgg gcgacagagc aaga 

<210> SEQ ID NO 48 
&2 11s LENGTH 92 
212s. TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 48 

gatctgtaat tdaggtgttt totgtacago catacgtaga taatgaagcc aaaaggctitt 

taattacacc atggcctaaa ataaattcat ca 

<210 SEQ ID NO 49 
<211& LENGTH 122 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 49 

tatttittcag citgagttatt agg gagtcat tattotgtgg tacaatgct g caaaaag cat 

catgtggaag aatgggaact atgcttacat tatgaagtga tigtatalacac aatgcaaatc 

tg 

<210 SEQ ID NO 50 
<211& LENGTH: 143 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 50 

gatcttttitt cattaaaaaa tottcaatta toaggcc.ggg togcagtgggg citcatgcctg 

taatcc caac actittgggag goc gatgcag gCdgatcact aggtoag cag atc.gagacca 

to citggctaa cacagtgaaa cct 

<210 SEQ ID NO 51 
<211& LENGTH 211 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

60 

120 

18O 

240 

360 

420 

480 

495 

54 

60 

92 

60 

120 

122 

60 

120 

1 4 3 
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<210 SEQ ID NO 56 
&2 11s LENGTH 89 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 56 

atctattott gtag atttitt tttgttgttggg totatgtttc attcatctgc tittcaggctg 

gatttataac aag cagaact tittaaaacg 

<210 SEQ ID NO 57 
&2 11s LENGTH 125 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 57 

gatctaaata tttittcagot gagittattac ggagt catta ttctgtggta caatgctgca 

aaaagcatca totggaagaa toggalactat gct tactitta toaagtgatg tatalacacaa 

tgaaa 

<210 SEQ ID NO 58 
<211& LENGTH 132 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 58 

citaccc.cgtg acticagttac citc.ccactgg gtc.ccitcc.ca catcatgtgg gaattgtagg 

agctacaatt caagatgaga tittggatggg gtcacago.ca aaccatato a citgaggitatic 

aaggagattc tt 

<210 SEQ ID NO 59 
&2 11s LENGTH 171 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 59 

gatctgattit gctagttctt cottgtagag titataaatgg aaagattaca citatctgatt 

aatagitttct tcatactctg. catataattt gtggctgcag aatattgtaa tttgttgcac 

actatotaac aaaacaactg aagatatgtt taataaatat tigtacttatt g 

<210 SEQ ID NO 60 
<211& LENGTH: 148 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<221 NAME/KEY: unsure 
<222> LOCATION: (1) 
<223> OTHER INFORMATION: n = a or c or g or t. 

<400 SEQUENCE: 60 

ngatctittct cottgaatat cittitcgataa acaacaaggt ggtgttgatct taatatattt 

gaaaaaaact tcattctogt gag to attta aatgtgtaca atgtacacac togtact tag 

agtttctgtt to attcttitt ttaataaa 

<210> SEQ ID NO 61 
&2 11s LENGTH 218 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 61 

60 

89 

60 

120 

125 

60 

120 

132 

60 

120 

171 

60 

120 

148 

60 
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What is claimed is: 
1. A method of diagnosing a sterile inflammatory disease 

in a patient comprising, 
(a) isolating a granulocyte population from the patient, 
(b) preparing a gene expression profile of Said granulocyte 

population; 
(c) comparing the gene expression profile of step (b) to at 

least one gene expression profile of a granulocyte 
population from a Subject known to have a Sterile 
inflammatory disease or a gene expression profile of a 
granulocyte population from a Subject that does not 
have a Sterile inflammatory disease, to diagnose a 
Sterile inflammatory disease in the patient. 

2. The method of claim 1, wherein the sterile inflamma 
tory disease is Selected from the group consisting of 
glomerulonephritis, psoriasis, rheumatoid arthritis, asthma, 
cardiac and renal reperfusion injury, thrombosis, adult res 
piratory distreSS Syndrome, periodontal disease and inflam 
matory bowel disease. 

3. The method of claim 1, wherein the sterile inflamma 
tory disease is glomerulonephritis. 

4. The method of claim 1, wherein the granulocyte 
population is a neutrophil population, an eosinophil 
population, a basophil population, or a combined population 
of different granulocytic cells. 

5. The method of claim 1, wherein the granulocyte 
population is a neutrophil population. 

6. The method of claim 1, wherein the granulocyte 
population is from peripheral blood. 

7. The method of claim 2, wherein the inflammatory 
bowel disease is Crohn's disease, of ulcerative colitis. 

8. A method of diagnosing a Sterile inflammatory disease 
in a patient comprising, 

(a) preparing a gene expression profile from isolated 
polymorphonuclear white blood cells from the patient; 

(b) comparing the gene expression profile of Step (a) to at 
least one gene expression profile of polymorphonuclear 
white blood cells from a subject known to have a sterile 
inflammatory disease or a gene expression profile of 
polymorphonuclear white blood cells from a Subject 
that does not have a sterile inflammatory disease, to 
diagnose a Sterile inflammatory disease in the patient. 

9. The method of claim 8, wherein the sterile inflamma 
tory disease is Selected from the group consisting of 
glomerulonephritis, psoriasis, rheumatorid arthritis, asthma, 
cardiac and renal reperfusion injury, thrombosis, adult res 
piratory distreSS Syndrome, periodontal disease and inflam 
matory bowel disease. 

10. The method of claim 8, wherein the inflammatory 
bowel disease is Crohn's disease or ulcerative colitis. 

11. The method of claim 8, wherein the polymorpho 
nuclear white blood cells are neutrophils, eosinophils, 
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basophils, or a combination of different polymorphonuclear 
white blood cells. 

12. The method of claim 8, wherein the polymorpho 
nuclear white blood cells are neutrophils. 

13. The method of claim 8, wherein the polymorpho 
nuclear white blood cells are isolated from peripheral blood. 

14. The method of claim 9, wherein the sterile inflam 
matory disease is glomerulonephritis. 

15. A method of diagnosing glomerulonephritis in a 
patient comprising, 

(a) isolating polymorphonuclear white blood cells from 
the patient; 

(b) isolating RNA from the isolated polymorphonuclear 
white blood cells; 

(c) preparing a gene expression profile from the isolated 
RNA; 

(d) comparing the gene expression profile of Step (c) to at 
least one gene expression profile of polymorphonuclear 
white blood cells from a subject known to have a sterile 
inflammatory disease or a gene expression profile of 
polymorphonuclear white blood cells from a Subject 
that does not have a sterile inflammatory disease, to 
diagnose glomerulonephritis in the patient. 

16. The method of claim 15, wherein the polymorpho 
nuclear white blood cells are neutrophils, eosinophils, 
basophils, or a combination of different granulocytes. 

17. The method of claim 15, wherein the polymorpho 
nuclear white blood cells are neutrophils. 

18. The method of claim 15, wherein the polymorpho 
nuclear white blood cells are isolated from peripheral blood 
of the patient. 

19. A method of any one of claims 1, 8, or 15, wherein the 
expression profile comprises the expression level of at least 
about 5 genes. 

20. The method of claim 19, wherein the expression 
profile comprises the expression level of at least about 10 
geneS. 

21. The method of claim 19, wherein the expression 
profile comprises the expression level of at least about 50 
geneS. 

22. The method of claim 19, wherein the expression 
profile comprises the expression level of at least about 100 
geneS. 

23. The method of claim 19, wherein the expression 
profile is prepared by hybridization of nucleic acids to 
nucleic acids immobilized on a Solid Substrate. 

24. The method of claim 23, wherein the Solid Substrate 
is Selected from the group consisting of nitrocellulose 
membrane, nylon membrane, Silicon wafer, and borosilicate 
slide. 


